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This study aims to enhance the ambipolar behavior and low-ON current of hetero dielectric BOX and
heterojunction dual material TFETs. Tunnel FETs (TFETSs), which work on tunnelling phenomenon, can
circumvent MOSFET limitations owing to device scalability. Subthreshold current, drain-induced barrier
lowering, and hot electron effects are among MOSFET restrictions owing to device scaling. TFET does not
fulfil the ITRS requirement for a high ON current, which is compatible with MOSFET-based circuits. Dif-
ferent structures, channel materials, gate oxide materials, and appropriate gate work-functions can be
used to improve the low ON current of TFETs. We propose and develop a heterojunction dual material
TFET in this study. Heterojunction double gate TFET has been studied previously. The ON-state current
is improved and the ambipolar current is reduced compared to the standard TFET, increasing the ON-
state current lowers the subthreshold slope. Also, the dual gate TFET has higher performance than con-
ventional TFET. The addition of heterojunction to the device aids in the reduction of the band gap at the
source channel junction, and the gate oxide and junction work together to increase drain current (Ip) capac-
ity while lowering parasitic strength. The concept of hetero buried oxide along with heterojunction dual
material is integrated together for better outcomes. Initially the surface potential is derived using Poison’s
equation divided equally for regions of buried oxide as SiO2 and HfO:. Lateral and vertical electric fields
are implemented using the surface potential and the potential along the Y-axis. The source material is In-
GaAs, the target material is InP and SiOs/high-% hetero dielectric is used as the gate oxide material. Simu-

lation is done with SILVACO TCAD.
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1. INTRODUCTION

Higher chip density and lower power requirements
are necessary in today's FET industry. Because they
are exempt to scaling effects, TFETs are one of the
most promising MOS alternatives for low-power appli-
cations. Low power with a moderate operating frequen-
¢y is a key concern in numerous applications such as
SRAM design, digital watches, and medical devices,
thanks to recent technological breakthroughs. The
energy required for switching is reduced as the supply
voltage is increased, which enhances device perfor-
mance. When the transistor runs in the subthreshold
zone, the device's transconductance gain improves, and
the gate input capacitance is reduced, resulting in more
perfect results. This can be defined as a specific change
in gate voltage required to raise the drain rate by an
order of magnitude. TFETs are similar to gated PIN
diodes in that they work on the basis of quantum-
mechanical band-to-band tunnelling (BTBT) rather
than thermal charge carrier injection as in ordinary
MOSFETs [1, 2].

TFETs can easily solve the fundamental issue of
lowering SS beneath 60 mV/dec at normal tempera-
ture. Because of their low leakage current, TFETs have
a superior Ion/Iorr ratio than MOSFETs. However, due
to the BTBT process, so at source channel intersection,
their ON current is also minimal [3-7]. To address this
issue, various researchers offered various geometrical
variants of TFETs to enhance Iony and SS, with nan-
owires being the most advantageous TFET geometrical
[9-14]. Nanowires are employed to create a channel in
the device, which increases the likelihood of tunnelling.
The manufacturing has been in demand with a more
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efficient energy and speedier technology, which has
resulted in MOSFETSs being scaled down [15, 16]. How-
ever, there have been significant drawbacks to this
scalability. Due to these constraints, tunnel field effect
transistors (TFETs) were developed, which differ from
MOSFETSs in their essential carrier injection method
[17]. The source, drain, and dielectric materials used in
the proposed project differ from silicon. A heterojunc-
tion dual material TFET performance will be investi-
gated and assessed.

2. STRUCTURE AND PARAMETERS

The proposed structure of buried oxide layer is sep-
arated by two different dielectrics: SiO2 and high-£ gate
oxide HfOz with a % value of 25 shown in Fig. 1. Thus,
the structure is hetero dielectric buried oxide
(HDBOX). The dual materials M1 and M2 are alumi-
num and nickel with a work function of 4.08 eV and
5.01 eV, respectively. The only difference compared to
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Fig. 1 - TCAD simulated structure
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the conventional structure is that the high-k dielectric
heterodielectric box is located directly below the drain.

Various parameters used in the proposed study are
doping concentration, oxide thickness, Kane parameter
in TCAD. The Kane parameter values used in imple-
menting TCAD are Ar=4x 109, Bp=4 x 1016, The
parameters designed to generate the drain current
tunneling rate using the surface potential approach are
shown in Table 1.

Table 1 — Parameter values for the proposed structure

S.no Parameters Symbol Value

1 Source dop.lng Ns 1019 em -3
concentration

9 Channel dopmg Ne 1019 e - 3
concentration

3. Drain doping Nd 5 x 1019 cm -3
concentration

4. Oxide thickness Tox 3 nm

5 Length of source, Ls. Le. Ld 20 nm, 20 nm,
channel, drain 20 nm
Permittivity of )

6. Si05 and HfOs £3i02, EHfO2 3.9, 23
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The variance associated with a grid could be studied
systematically by running computation with a se-
quence of finer meshes. This takes a long time and is
rarely carried out. The common strategy is to use the
initial or base mesh to sufficiently resolve structural
elements, such as doping, and then add nodes as need-
ed to resolve the output's essential features. Regridding
is the method of assigning more nodes to an existing
structure.
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3. SIMULATED RESULTS

The proposed structure is implemented in Silvaco
TCAD with dimensions, concentration, doping infor-
mation included in the deck build. The structure is the
output of each material implemented in the deck build
of the Silvaco TCAD tool. ATLAS input data must have
five groups of instructions in the correct order. These
are the following groups.

1. An explanation of the structure. The model struc-
ture can be defined by this set of assertions. This
section contains statements that define meshes, re-
gion, electrode, materials, doping, and so on.

2. Specifications for materials and models. The mate-
rial properties and physical models that will be
used in the simulations are specified in this collec-
tion of statements. This section contains statements
that define material, models, contact qualities, in-
terface charges, and so on.

3. The definition of a numerical method. This state-
ment describes numerical methods that will be uti-
lized to solve the simulation's set of equations.

4. Specification of the solution. The biased parameters
whereby the simulations must be run are specified
in this collection of statements. It contains asser-
tions indicating that simulators should solve for the
provided bias conditions, log the result, and store
the solution as a solution file.

5. Analyze the outcomes. This set of lines includes
commands for opening and analyzing a solution
stored in a solutions file.

Fig. 2 is the result of mesh structure; mesh selec-
tion implies a trade-off between precision and numeri-
cal efficiency. For precision, a hybrid approach is need-
ed that can address all of the method's main properties.
A crude mesh that aims at minimizing set of reference
points is required for numerical efficiency. Triangular
meshes are used in ATLAS.
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Fig. 2 — Mesh structure from Silvaco TCAD
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Fig. 3 — Surface potential with varying voltage (Vds)
0.3
0.21 \ —#— Tox=1nm
0.1
2z O
=
-
i
5 0Lf
g
=
& 02f
N3+
04|
0.5 . . . . .
0 0.01 0.02 0.03 0.04 0.05 0.06

Distance along the Device Length(um)

Fig. 4 — Surface potential with varied thickness (Tox)
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Fig. 3 is the result on the X-axis with the distance
along the device length and on the Y-axis with poten-
tial. Potential along the device length decreases with
an increase in the distance along the channel. The
voltage at the drain source junction (Vds) is equal to 0,
0.5, and 1 V. With an increase in the voltage (Vds), the
potential along the channel length increases. Fig. 4
shows the result on the X-axis with the distance along
the device length and on the Y-axis with potential.
Potential along the device length decreases with an
increase in the distance along the channel. The oxide
thickness is equal to 1, 3, and 5 nm. With an increase
in the oxide thickness, the potential along the channel
length decreases.

x 10°
5 T T T T T
—&%— Tox=1nm
—&— Tox=3nm
4 Tox=5nm

Lateral Electric Field (V/cm)
N
T

ol

_1 r r r r r
0 0.01 0.02 0.03 0.04 0.05 0.06
Distance along the Device Length(um)

Fig. 5 — Lateral electric field with varied thickness (Tox)
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Fig. 6 — Electric field with varying voltage (Vds)

The plot shown in Fig. 5 is the result on the X-axis
with the distance along the device length and on the Y-
axis with lateral electric field. The lateral electric field
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along the device length decreases with an increase in
the distance along the channel for buried oxide SiOa.
But for buried oxide HfOq, the lateral electric field along
the device length increases with an increase in the dis-
tance along the channel. With an increase in the chan-
nel thickness, the electric field decreases. Fig. 6 shows
the result on the X-axis with the distance along the
device length and on the Y-axis with electric field. The
electric field along the device length increases with an
increase in the distance along the channel with HfOz as
buried oxide. The electric field increases with an in-
crease in voltage applied at the drain source junction.
Also, a peak is observed in the source channel region.

10° . . . .

w0t g

g

=

= 10° —— Sio2 i

g —+— Sio2 and Hfo2

g Hfo2

8 w™ ° .

=

-

T i
107 .
107" 7
10--5 1 1 1 1

0 0.2 0.4 0.6 0.8 1

Gate Voltage(V)
Fig. 7 — Drain current with gate voltage

Fig. 7 is the result on the X-axis with the gate volt-
age varied from 0 to 1V and on the Y-axis with drain
current. Drain current increases with an increase in
the applied gate voltage Vgs. The buried oxide with
HfO2 has improved ON current compared to SiO2 and
buried oxide with both SiOz and HfOs.

4. CONCLUSIONS

In current technology, TFETs are used in many ap-
plications to overcome the limitations of MOSFETs.
TFETs have advantages. The proposed structure is
developed with a combination of hetero dielectric and a
junction dual material. The simulated TCAD structure
results in an improvement compared to normal struc-
ture. The potential along the channel increases with
increasing voltage applied at the drain source junction.
Also, the potential decreases with increasing the thick-
ness of buried oxide. The electric field along the chan-
nel increases with increasing voltage applied at the
drain source junction. The lateral electric field increas-
es with decreasing the thickness of buried oxide. In
conventional TFETSs, buried oxide is SiO2. With an
increase in k-value, the ambipolar nature of the per-
mittivity increases, but with HfO2 as buried oxide, the
lateral electric field is improved compared to SiOq.
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JHocnigmxeHHs rerepoie/IeKTPUYHOrO0 3arjin0JIE€HOro OKCUIAY Ta
TFETSs 3 rereponepexoaoMm i3 moaBiiHuUM MaTepiajiom

P. Vimala, Bhoomi Reddy Venkata Sravanthi Reddy, Shreyas Yadav V.R, Suprith C.

Department of Electronics and Communication Engineering, Dayananda Sagar College of Engineering,
Bangalore, India

JocimsreHHs cripsiMOBaHe Ha IIOKPAIeHHs aMOIO/IsIpPHOI TOBEJIHKY T4 HU3BKOIO CTPYMY YBIMKHEHHS
rerepomienexrpuunnx BOX ta TFETs 3 rerepomepexomom i3 moasiitauMm marepianom. TyHesbHI 0JIBOBL
tpanaucropu (TFETS), skl npaimoiors Ha ABUINI TyHEJIOBAHHS, MOXKYTh 00ifitn oOomeskernrss MOSFETSs 3za-
BAsAKK MacurraboBaHocTi npuctpoo. Jlomoporosuii ctpyM, 1HIyKOBaHE CTOKOM 3HIKEHHs 0Oap'epy 1 edertu
rapsuux eJeKTpoHIB Hasexarhb 1o oomeskenb MOSFETSs yepes macirabysauus npucrpoo. TFET ue Binmo-
Bimae Bumoram ITRS mromo Bmcokoro crpymy yBIMKHEHH:, IO cyMicHO 31 cxemamu Ha ocHoBi MOSFETS.
Jla moxpamenus Huabkoro crpymy TFETSs MokHA BHKOPHCTOBYBATH PisHI CTPYKTYPH, MaTepiaau KaHAILY,
OKCHIHI MaTepiaJii 3aTBOpa Ta BIAMOBIAHI POOOTH BUXOIY 3aTBOpA. ¥ MOCTIIsKEHHI MM IIPOIIOHYEMO Ta PO3-
pobnsemo rerepomepexigamii mBomarepianbHuit TFET. Iereponepeximumit TFET 3 moasiiHuM 3aTBOpoM
BuBYaBca padime. CTpyM yBIMKHEHOTO CTaHy IMOKPAIIEHO, a aMOIIOJIAPHAN CTPYM 3MEHIIIEHO MOPIBHAHO 31
craggapraum TFET, 30iibinends crpyMy yBIMKHEHOTO CTaHY 3MEHIIye IIIAIIOPOroBy KpyTuaHy. Kpim Toro,
TFET 3 moxBifiHuM 3aTBOPOM Mae€ BHUILY IPOAYKTHBHICTH, Hisk 3pumuaiianii TFET. JlomaBarnus rerepormepe-
XOJy JI0 IIPUCTPOIO CIIPHsie 3MEHIITEHHIO 3a00pOHEHO]I 30HN Ha IePexo/Il MIK JyKepesioM Ta KaHAaJIOM, a OKCH/T
3aTBOpa Ta IIEPexis MPAIfiTh Pa3oM, 100 30LIbIINTH CTPyMY CTORY (Ip), OHOYACHO SHMIKYIOYH I1aPa3UTHY
cuty. Konrieriisi rerepo 3arambIeHOTO OKCHTy Pa3oM 13 MOABIMHAM MaTeplajioM reTeporepexojly 1HTerpo-
BaHA JUIS Kpammx pedysibraTiB. CHodaTky MOBepXHEBHH MOTEHIAJl BUBOJAUTHCS 34 JIOIIOMOIO PIBHSHHS
Ilyaccona, poamisieHoro mopiBuy Ha obsacti 3ariaubsienoro oxcuay SiOz 1 HfOq. Biuni ta BeprurabHi esek-
TPUYHI TIOJIST PEasTi3yIoThCs 3a JIOIIOMOTOI0 ITOBEPXHEBOTO TOTEHINAIy Ta MOTeHIaIy B3IOBXK ocl Y. Buxin-
HuM MaTepiasom € InGaAs, miabosuM matepiasgom € InP, a rerepomienexrpur SiOo/high-k& BurxopucroByeTs-
cA AK OKCUIHHUN MaTepial 3aTBopa. MomemioBaHHA BUKOHYeThea 3a momomoron SILVACO TCAD.

Knrouoei ciosa: 'ereponiepexin, [loasitiauit marepian, TyHenbHui noaboBuit Tpausucrop, CTpym CTOKy.
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